AD-AL9E 706 ”PLICRT!OIS OF THE OPTICN. NFFEREITIM. rnem i1

M.VSIS(U) ARNY LAB COMMAND WATERTONN MA MATERIAL
CHNOLOGY LAB J L CASLAVSKY MAY 88 MTL- TR-..-"g./gg "

q UNCLASSIFIED




ARl g T R K Y T AT AR T S ] e oo o 7, L~ G Sl o, % e Sy Ko X i o A A

%9 8% 90 €% 8% §°

O O N

R OV RXR

~
o~

©
H Nl o
H?.E__ 3E 3- wm

3 K EEERPITT:
: 0___ —

KO
UTION TEST CHART

l
l

25 i s

R WL AN N A TN

L I
.‘.‘*

OO

WSO

'

£t 0t g )Y Tt

T R TS S o M o B [ Sy o &gy~ T L L I T Iy AP g . Ll e - - - e S - o oty o g



B W Y

R R A AL L R R R A KR R R S U U MO NNL Y UG WL SOOI RS

MTL TR 88-18

9T R0 007 0%, 0%

AD

0TC FILE cop:
APPLICATIONS OF THE OPTICAL
DIFFERENTIAL THERMAL ANALYSIS

AD-A196 706

JAROSLAV L. CASLAVSKY
CERAMICS RESEARCH BRANCH

May 1988

Approved for public release; distribution unlimited.

LABORATORY COMMAND

MATENALS TECHNOLOGY LABORATORY

A NS A e T 3 e
P AL AN oy 0 W M b e P e M o 2 L

' ) Y
& SR D .'.l b, al.

AL

JUN 2 8 1988

xR

E

U.S. ARMY MATERIALS TECHNOLOGY LABORATORY
Watertown, Massachusetts 02172-0001

88 & o

WY AR IR PR P I IS S NS FS NS RS ‘
SRS -.-‘.'.\'"'..' \{\"'ﬁ "
PR a

NN N
L) ) I | L]

DY

v

_ - 5
‘%;‘i l:; !.:'s:':
L ] 'i,'r{‘ AR
WSS

-
“~

”
>

A\l ..’I‘q'

%
-’.‘r
Pl e 3



AN AN OA DAY

R R KR R S R O T R O O W WO ER R YW * St Dav. sev 0"

U.S. Army Materials Technology Laboratory
Watertown, Massachusetts 02172-0001

D/A Project: 1L161102AH42

- - E
..’j:
N
UNCLASSIFIED R ]
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 4
READ INSTRUCTIONS -
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM U
1. REPORT NUMBER 2. GOVY ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER ‘::\,
e
MTL TR 88-18 A
o TITUE (and Subtiries 5. TYPE OF REPORT & PERIOD COVERED .,
. e
APPLICATIONS OF THE OPTICAL DIFFERENTIAL Final Report ¥
420,
THERMAL ANALYSIS 6 PERFORMING ORG. REPORT NUMBER j{":‘
f
7. AUTHOR(s, 8 CONTRACT OR GRANT NUMBER(s) .
Jaroslav L. Caslavsky ]
Ne!
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10 o

PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

s

*

AT 0T TR TR I8
P
'

SLCMT-EMC L2
. CONTROLLUING OFFICE NAME AND ADDRESS 12. REPORT DATE ‘;J.
"

U.S. Army Laboratory Command May 1988 \_
2800 Powder Mill Road '3, NUMBER OF PAGES NI
Adelphi, Maryland 20783-1145 s
14. MONITORING AGENCY NAME & ADDRESS(if ditferent {rom Controlling Oflice) 15. SECURITY CLASS. (of this report) :. N
o

Unclassified S

| 15a. DECL ASSIFICATION’ DOWNGRADING o

SCHEDULE
S

(SEE REVERSE SIDE)

16. DISTRIBUTION STATEMENT (uf this Report) "z‘
J -
@
. . . - - . e
Approved for public release; distribution unlimited. s
’\.
oo
bt
,‘- d
.
17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different {rom Report) r\ )
% )
o0
-~
.‘,-‘.
o~
18. SUPPLEMENTARY NOTES " ‘
0N
On,
To be published in the Proceedings of the 9th International Congress on N N
Thermal Amalysis, Jerusalem, Israel. '._
i \ ‘
P
19 KEY WORDS (Continue on reverse side tf necessary and identily by block number) >’\ )
L N
Thermal analysis Mathematical differentiation ' oy
. . \ A ‘ ol
Optical method Electronic differentiation _—
Data acquisition 1 Emissivity measurements . @
Sapphire melting Color graphics , : - &S\.
, " o
20 ABSTRACT (Continue on reverse side {f necsassary and identify by block number) \J:"-
iy
N

) {"-"
o

-

\
N

N,

DD 9™ 14 EDITION OF ! NOV 65 1S OBSOLETE ‘

1aan 73 1473 UNCLASSIFIED R
SECURITY CLASSIFICATION OF THIS PAGE (When Dara Entered) NG

N NN A 3 A 47 5un 2 SRR TN Lt e P L O E NI N DM ( N S0y €, il £ €Oy
" "l.,, "9, 7 J".'l YIP M o...o.a N O W O A .n’!'l. ‘-\u'. ..‘.I‘E < ’ Wi i A LA AR



Wy
i
UNCLASSIFIED A
SECURITY CLASSIFICATION OF THiS PAGE (Whan Date Entered) [ )
, o
Block Np. 20 4
F
/ \
/ ABSTRACT
\V/ A !:
ODTA detects temperature contact-less, hence, it expands the upper usable ,:'
temperature limit of DTA up to 3600°C accordingly suitable for studies of :-.,
| systems where enthalpic changes occur at high temperatures. -
| o
: Application of the computer graphlcs for the evaluation of the ODTA curves .:‘:
’ is demonstrated on melting of Y203- A1203 and YA13 GdAlO3 systems. Measurement . :
errors occurring at temperatures above 1900°C are pointed out and possibilities -
' for their elimination or at least diminution are discussed. e
E e E 2
. , ] .
1
i o
) :).\’-
Accession For °
TNTIS GRA&I ; A
DTIC TAB | o0y
Unannounced O : Pt
5% n_
Justificatio ,/:
; £V .
BY — f:‘?l
: Distribution/ % ::,,-g ‘
! Avallability Codes ;;
Avail and/or w2
Dist Special ._._";
d
/, K’ .
" ﬂ"/ R
4 [
v

Aal@

N

.

Pa’s
o
Nl W

L

i
A

,-».
<

UNCLASSTFIED 2

- t
L SECURITY CLASSIFICATION OF Tw(S PAGE When NDars Frtered; \*

N
- - - '!

e P a T TR T A S K i N A R Ny N N .\-. N \,. S \ CAY NN -."-.

A J o IS r " .,~,,- ,«.u,' :..l .." - d

‘o‘“l‘o.’ I’o. I O LA L Yt itraly . 'f'"" M o W Y, TR SR A,




AU LA POCR TN PO X AN O KO R XM % LAY A% 0% Aty §7p 0 te"d taiite AVe gta atatatatuly ALY A i tal falval vat Val rad S 0L 00 4 W e N

INTRODUCTION

The Optical Differential Thermal Analvsie (0DTA) ' 2. detects
infrared radiation (IR) emitted by a sample heated inside the Blachk-Body
Cavity (BBC). The BBC fulfills a dual function, it is the temperature
source and the temperature reference standard.

B8C is a perfect radiator which emissivity is unity. The sample
emissivity on the other hand, is & function of sample thermophysical and
thermochemical properties, i.e.. thermoradiative properties of the
gample vary with the enthalpic changes taking place in the sample. In
the great majority of cases changeg pof enthalpy and emissivity are 1in
concert thereby enhancing the resolution of the inset of Alga..
and/or ATman. peaks. Thia cooperation leads to a high sengitivity of
the ODTA which allows AT/t rates to be as low as 0.1°C/min.
Ccnsequently, pliase relations can be studied at almost equilibrium
conditions.

ODTA APPARATUS

The ODTA apparatus congigts of several parts: furnace with a power
supply, furnace temperature control and a program system, two infrared
pyrometers and & data acquisition system. With the exception of the
furnace, most of the ODTA components are commercially available
instruments. { The pyrometers are MAXLINE-SYS5TEM M204, tlie furnace
control and program system is MICRICON #82-300, manufactured by IRCON
Inc. and RESEARCH Inc.., respectively. The signal acquisition system
congisgtg of IBM-PC and IBM-AT.) For operation of the ODTA apparatus five
independent microprocessors are required. Each has different digital
characteristicsg, therefore, digital signals are converted to analog
gsignals. To eliminate "cross talks", the D/A convertors are mutually
optically insulated. Numerous sources of such instruments are avasilable,
hence, the selection of particular instrumentation depends on the
operational range of the DDTA, and., on individual preference. The
furnace is the critical part of the 0ODTA apparatus. The furnace design
will be briefly discussed next.

The cross-section of the 0DI& furnace, capable to operate in tle
700 to 2200°C range in a vacuum or an inert gas, is shown in fig. |.

A Black-Body Cavity b is designed as @ hollow cylinder positioned
by the heat sink c, concentrically with the heating element e. The heat
gink ig water-cooled as to provide sufficient heat removal from Lhe BBC,
especially at cooling rates higher than 1.0°C/min. The sample a is
placed inside the BBC at such a height that it does not interfere with
the optical path of the rodiometer d,. The marimum wavelength varies
cver the ODTA temperature range. The wavelength of the IR radiation 1s a
nonlinear function of the temperature. Thus the IR radiation 1s
converted to the temperature by a digital linearization using the

. Planck ‘s law.

Only few materials do not undergo enthalpic changee 1n the
1500-3600°C temperature range. Among such materials are graphite and
molybdenum, which both were found suitable for manufecturing of the BBC.
A graphite BBC is shown in Fig. | right. It is a hollow cylinder, which
walls are corrugated to enhance the absorption of IR radiation. In the
center of the bottom is a sample holder. now replaced with the
calibration reflector f. During measurements, the top of B8BC is closed
with a 1lid. The 1id has a circular opening for measuring the sample
temperature with the pyrometer d-. Pyrometer d, measures BBC temperature
through an orifice in the side of the BBC (obscured in this view).
Diameters of both orifices are calculated not to interfere with the
optical path of either radiameter.
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Fig. 1. Left: Cross-section of the ODTA furnace; right: The graphite

Black-Body Cavity.

CALIBRATION

Two characteristics of aptical pyrometers,the resolution power and
the repeatability, will ultimately determine the accuracy of the 0ODTA.
Optical pyrometers with the #2°C resolution power and the #1°C
repeatability are commercially available. Yet, even such a good
quality instrument will produce a low frequency noise in the ODTA.
attempt to filter such a noise by a common type of a filter will
necessarily diminish the accuracy and the sensitivity of the ODTA
measurements. The measurements are complicated by the impossibility to
apply the Lambert’s law accurately, and, to determine precisely the
value of the ghape factor A. Hence, these factors must pe treated
separately,and all such corrections included in 8 single correction
factor.

Opticel pyrometers are relative instruments and as such, they have
to be calibrated. This is done by using materials with well known
melting points. Two calibrated pyrometers are mounted on the QDTA

An

furnace. Both are focused on the singular aspot of reflector bloc f Fig.
1 right. The difference in temperature readings between pyrometers d,
and daz, can be explained by the Lambert law. The difference is

eliminated by setting the temperature reading of pyrometer dz equal to
that of pyrometer d, stepwise over the entire temperature range.

A new temperature difference will occur when the calibration
reflector f is replaced by the sample holder. This time, the difference
in the pyrometer readings is caused by a change of the shape factor A.
The temperature difference caused by the shape factor and by other )
incalculable errors 1a called the integrated furnace backgraund. It‘s
value is determined experimentally and used for calculation of
differential (0T) curvea from the (T) curves.
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INTEGRATED FURNACE BACKGROUND

The heat transfer at temperatures over 1000°C occurs predominantly
by radiation. If both, the heater and the sample are at thermal
equilibrium, there is no heat transfer either way. During thermal
analysig, the sample temperature has to be increased or decreased. In
both the cases, a thermal gradient between the heater and the sample
must be established. The degree of the gradient is determined by
the AT/t rate and the shape factor A. The degree of the gradient
varies with temperature mainly due to the difference between the BBC
and the sample emissivity. It is also effected by the furnace
atmosphere. Values of these factors are particular to the furnace, the
BBC and the sample materials i.e. to the setup of the entire ODTA
apparatus. How these factors affect a (DT) curve is shown on the (DT)
curve of melting of YAlOs in Fig. 2.

OC (DT) CURVE OF YAI03 MELTING IN ARGOM AT 1.0 C/min, RATE
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FIGURE 2.

For this reason, all the effectors are summarily determined and
handled as an integrated furnace background (IFB}. Due to the
variability of these factors, the IFB has to be determined
simultanscusly with each individual measurement. For example, the (OT)

curve shown in Fig. 2., now moadified by the differentiation of the (T) ﬁ*-
curve with respect to the IFB, is shown in Fig.3. b{t
3
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SENSITIVITY AND REPRODUCIBILITY

Yttrium and gadolinium aluminates form solid solutions over & large
compositional range. Melting points of individual single phases differ
only slightly. This makes it difficult to determine a phase diagram by
the conventional methods. Dependence of the melting points of individual
members on composition, i.e., a) YAlOs; b) 90M% YAlQs 10M% GdAalOa and c!
75M% YAlOs 25M% GdAlOs , is shown in Fig. 4.

THE DEPENDENCE OF THE MELTING POINTS ON THE COMPOSITION
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The lower end of the ODTA measurement range was calibrated on the
melting point of copper,while the upper end on the melting point of a
single crystal of sapphire. The accuracy of the ODTA measurement was
found to be %2°C up to about 1700°C. Above this temperature, the error
ig larger. This is attributed to a particular melting behavior of

sapphire'. The reproducibility of the measurements as determined from
several hundred experiments is *1°C; and is depicted in Fig. §.
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Curve a) in Fig. 5 is the same as in Fig. 3. Curve b) is from a .:,
sintered mixture of the powders. The apparent absence of an indication ‘>
} of an incongruent melting on curve b) is not attributed to the method, ::ﬂ
{ rather it shows that pre-melted samples give more detailed information. s,
: e
CONCLUSIONS 4
\ ™~
Previously, Rupert®- used optical measurements to determine (DT) ! ﬂ
and (dT) curves, but his approach was different from the ODTA, ag he Dt
Q used non-black body conditions and extremely high AT/t rates. In any vy
: case, the choice in methods is commanded by the specificity of needs. : A
N ' Materials important for ceramists and crystal growers are studied
at temperatures not reachable by conventional DTA instruments.
Therefore, at the present time, there is a lack of data for comparison ;&
N with the data obtained by the ODTA. Distinct adventage of the ODTA is in j(:
. the fact that it is not necessary to amplify the sensors’ signals, i.e. .:,
the gignals are not treate ' electronically. The only refinement of the o
ODTA data is mathematical. This approach allows to analyze the results }Qf
using various aspecta of mathematical evaluation and, in case of ;
uncertainty, it is again eimple mathematically to modify the process . =,
The ODTA zero line or background is effected by numerous factors. \5
Nevertheless, certain characteristics of the zero line contain a Y
gsignificant diagnostic information; hence, before any evaluation of the {b

data is done, & careful study of the background date has to be made.

Because the ODTA is a new technique, used in only one laboratory so far, ¥
there are no text books on its use and just few publications with which ®
to confront the results. However, we believe that the QDTA ia quite a
potent technique, opening new approach for studying materials at high

”
> r

temperatures. \
‘.
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APPENDIX

An attempt is made here to refine the ODTA curves by a digital
filter in order to view the AT peaks in a grater detail.
filter does not cause any shift along the abscissa.
aimed to the ODTA application to discern invariant and univariant
points, i.e., to distinct a solid solution from an incongruently melting
compound. At this time, however, there is an insufficient experimental

support for a positive proof.
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